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ABSTRACT
Semen from three mature stallions was used in an 
initial experiment in an attempt to isolate a population of 
highly motile spermatozoa. An ejaculate of semen was 
collected with an artificial vagina from each stallion at 
7-day intervals for 35 days. Immediately following collec­
tion, semen samples were evaluated for percentage of motile 
spermatozoa and rate of progressive motility (scale 1 to 
4). Two ml of semen were layered over 6 ml of 3% bovine 
serum albumin (BSA) in 13 x 125 mm columns at room tempera­
ture (RMT) or in a warm water bath (WB). After 30 min, the
top semen layer and upper and lower halves of the BSA 
fraction were separately withdrawn from all columns and re­
evaluated. In both the RMT and WB isolation columns, 
percent motile spermatozoa and rate of progressive motility 
decreased (P < .01} in the top semen layer as compared to 
initial values for these parameters. Percentage of motile 
spermatozoa in the lower BSA fractions increased (P < .01) 
from 41.7% at collection to 58.7 and 65.7 for the RMT and 
WB treatments, respectively. Also, the progressive 
motility rate of spermatozoa in lower BSA fraction of the
RMT and WB treatments increased (P < .0 5) from 2.9 to 3.3
and 3.7, respectively.
In a second experiment, a total of 40 ejaculates from 
four mature stallions was utilized to determine the effects 
of BSA isolation on the removal of tetracycline
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hydrochloride (T-HC1) and on the acrosomal integrity of 
spermatozoa. Based on a scale 0 to 4, the initial 
fluorescent score of spermatozoa labeled with T-HC1 was 
3.9. Following BSA isolation, the fluorescent scores of 
spermatozoa in the top semen layer and upper and lower 
halves of the BSA fraction decreased (P < .05) to 3.0, 0.9 
and 0.7, respectively. Also, there was a significant 
decrease in fluorescence of spermatozoa suspended in 3%
BSA. Acrosomal integrity of spermatozoa was similar for 
all treatments. However, spermatozoa in lower fractions of 
BSA isolation columns had fewer (P < .05) intact acrosomes 
than spermatozoa (50 and 200 x 10^) suspended in BSA and 
all concentrations of spermatozoa suspended in Tyrode's 
solution.
In a third experiment, 30 Quarter Horse mares were 
artificially inseminated to compare fertility of sperma­
tozoa isolated in BSA with raw semen diluted with either 
BSA or Tyrode's solution. Pregnancy rate for 10 mares 
inseminated with 100 x 106 live isolated spermatozoa was 
not different from that of mares inseminated with the same 
number of control spermatozoa. Foaling rates were 70, 60 
and 40% for the isolated, BSA and Tyrode treatment groups, 
respectively. Also, more male foals were produced by mares 





Interest in horses and horse related industries has 
been increasing rapidly during the past few years. In 
spite of this growth of the industry, reproductive effi­
ciency in the horse is lowest of any species of farm 
animals. Factors which influence the reproductive effi­
ciency of the horse include: lack of selection for
fertility, greater variation in female reproductive patterns, 
imposition of an artificial breeding season, failure to 
recognize that the stallion is a major factor affecting 
infertility and current attitudes of some breed organiza­
tions with respect to artificial insemination.
Recognition of the problems which cause decreased 
fertility in the horse is critical to solving the problem. 
One of the major areas of concern in equine reproduction, 
as well as in other species is the failure to develop semen 
evaluation criteria which are highly correlated to actual 
fertility. However, researchers have attempted to corre­
late several semen characteristics to fertility in the 
stallion. These characteristics include: sperm cell con­
centration, percentage of active spermatozoa and the per­
centage of primary and secondary abnormalities of sperma­
tozoa in an ejaculate. The conventional approach to the 
problem of semen fertility has been to use extenders and 
antibiotics which provide a more favorable environment for
1
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sperm cell survival and control bacterial growth in semen.
A recent technique for the isolation of semen fractions 
rich in human Y-spermatozoa may provide an alternative 
approach to improving semen quality (Ericsson et a^., 1973}. 
This technique is based on the principle that highly 
motile and morphologically normal cells will penetrate a 
viscous medium which provides a barrier to non-motile and 
morphologically abnormal spermatozoa. Adaption of this 
technique for use with stallion spermatozoa could result 
in higher conception rates using artificial insemination. 
Since studies with human semen have shown that this pro­
cedure alters the ratio of X- and Y-bearing spermatozoa, 
sex preselection is a possible added incentive for adapting 
this technique for use on stallion spermatozoa.
The study reported herein was conducted to determine 
if a population of highly motile spermatozoa could be 
isolated from stallion semen and, if so, to evaluate the 
fertility of these spermatozoa when used for artificial 
insemination. Also, the sex of foals produced by insemina­




During the past decade, there has been a considerable 
increase in research directed toward improving low repro­
ductive efficiency of horses. The bulk of this work has 
emphasized study concerning reproductive problems associ­
ated with the mare. Greater variation in reproductive 
patterns, extended periods of sexual receptivity and diffi­
culty of synchronizing breeding with ovulation are some of 
the major problem areas in equine reproduction. However, 
it is important to realize that a significant amount of the 
cause of low reproductive rates reported for horses is un­
doubtedly the fault of the stallion. Although studies in 
the literature on male fertility and particularly on semen 
of farm animals are numerous, comparable information on the 
horse is not available.
Sperm Cell Parameters.
Acqu<.6>Lt4.on o& ttot^LLty. Spermatozoa which are pro­
duced in the germinal epithelium of the seminiferous tu­
bules of the testes do not acquire the ability to move un­
til they reach the epididymis. The region within the epi­
didymis where spontaneous sperm cell motility first occurs 
varies with species. Very little motility of spermatozoa 
is present in the epididymis of the rat (Turner et al. , 
(1978) and hamster (Morton et al^., 1978). In other species
3
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however, spontaneously motile spermatozoa were obtained 
from the caput (rabbit) and corpus (bull and man) regions 
of the epididymis. Samples from the cauda epididymis of 
the rabbit and bull contained numerous motile spermatozoa, 
where as in man, most of the spermatozoa from this area 
were intensely motile (Morton et al., 1978).
Although the potential for motility is acquired in 
the epididymis, epididymal spermatozoa remain immotile in 
situ. Gray (1928) reported that absence of sperm cell 
motility within the genital tract was due to such factors 
as high CO^ concentrations, reduced pH and crowding of 
spermatozoa. However, more recent evidence has demon­
strated that the lack of O2 and hexose substrate are the 
principle factors which contribute to immotility of sperma­
tozoa in vivo (Bishop and Mathews, 1952; Mann, 1954) . 
Furthermore, Morton et a^. (1974) reported that quiescent
hamster spermatozoa removed from the cauda epididymis 
became motile following the addition of calcium ions and 
cyclic nucleotides. Shifts in nucleotide levels were also 
reported by Cascieri et al̂ . (1976) prior to the acquisition 
of motility of cauda epididymal bovine spermatozoa. The 
addition of calcium ions or cyclic nucleotides had little 
or no effect on inducing motility since sperm were already 
partially motile. These researchers suggest that increases 
in bull sperm cell motility at ejaculation result from 
reduction of mechanical restraint through dilution.
5
Likewise, Storey (1975) suggested that motility of rabbit 
sperm cells is initiated at ejaculation by release from 
physical restraint and access to oxygen. More recent 
studies by Turner et al̂ . (1978) indicated that dilution of 
epididymal plasma is as important as addition of ions to 
initiate motility of quiescent spermatozoa from the cauda 
epididymis of rats. Also, glycerylphosphorylcholine and 
carnitine in epididymal plasma inhibited sperm cell 
motility. Turner et aJL. (1978) further suggested that high 
sperm cell concentration and low ion availability cause 
immotility of epididymal spermatozoa. However, at ejacula­
tion, the accessory secretions add diluent and electrolytes 
to the epididymal fluid allowing stimulation or activation 
of sperm cell motility.
Rzlatio na hip Between Speim Czll Motility and TzKti.ti.ty, 
Although spermatozoa acquire the potential to move within 
the duct of the epididymis, the acquisition of motility does 
not insure that spermatozoa have the ability to fertilize 
ova. Nevertheless, sperm cell motility is considered to be 
the best single criterion for evaluation of sperm cell 
viability and is the characteristic of semen used most ex­
tensively for evaluating potential fertility. However, 
attempts to relate the initial motility of spermatozoa to 
fertilizing capacity have been less than successful.
Williams and Savage (1927) considered motility of sperma­
tozoa a poor indication of fertility because many factors
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may impede the movement of spermatozoa from highly fertile 
bulls, while diseased or deformed spermatozoa from sub- 
fertile bulls are often highly motile. Numerous other 
studies have shown no significant relationship between 
initial motility and fertility (Swanson and Herman, 1941; 
Swanson and Herman, 1944; Cheng et al_. , 1949; Cupps et al. , 
1953; Bishop et a^., 1954) .
Although the literature contains several studies which 
state that the relationship between motility and fertility 
is minor, Lasley (1951) observed a significant positive 
correlation (r=.31) between the percentage of motile 
spermatozoa and fertility. More recently, Chandler et al. 
(1978) found that the percentage of progressively motile 
spermatozoa was positively correlated to 60 to 90 day non­
return rate.
The property of motility most nearly correlated with 
fertility of bull semen is apparently survival of vigorous 
motility over time, and this characteristic is termed 
longevity (Swanson and Herman, 1941; Swanson and Herman, 
1944; Bishop et al_. , 1954). Using the split ejaculate 
technique, Margolin et al^ (1943) related longevity to 
fertility by inseminating cows with fresh semen or semen 
that had been stored at 5C for 24 hours. Analysis of 
breeding records on 10 sires and 306 cows showed a highly 
significant positive correlation (r = .69) between 
longevity of spermatozoa and conception rate. Analysis of 
data from over 12,000 cows inseminated with semen from 27
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bulls (305 ejaculates) resulted in a positive correlation 
coefficient (r = .84) between the time required for sperma­
tozoa to lose all activity at 37C and percent conception 
based on 60 to 90 day non-return rate (Ludwick et a^.,
1948). In later studies, similar findings were reported 
by Buckner et a_l. (1954) .
Although longevity of sperm cell survival is positive­
ly correlated to fertility of bovine spermatozoa, attempts 
to correlate this semen trait with fertility in species 
other than the bull have not been reported in the litera­
ture .
Percentage 0(5 Abnormal Spermatozoa. Another character­
istic of semen which has been given considerable attention 
in the evaluation of potential fertility of the male is the 
percentage of abnormal spermatozoa in the ejaculate. Many 
different types of spermatozoal abnormalities have been 
described and classified. According to Dott (1975), the 
form of the spermatozoon can be affected at a number of 
different stages in its development which ascribe a particu­
lar deformity. Primary abnormalities occur as a failure of 
spermatogenesis and involves the head of the spermatozoon. 
Secondary abnormalities result during spermiogenesis, while 
tertiary deformities are produced prior to or after 
ejaculation. Both secondary and tertiary abnormalities 
involve the midpiece and/or tail of the spermatozoon.
Although several abnormalities have been described, 
the relationship between variations in morphology and
8
fertility is not clear. Bielanski (1951) found an inverse 
correlation (r = -.5) between the percentage of primary 
abnormalities and fertility of stallion semen. Haag (1959) 
also reported a negative correlation between the percentage 
of abnormal spermatozoa and pregnancy rate in mares. In 
a more recent study, Bielanski (1975) suggested that 30% 
of the total spermatozoa in the stallion ejaculate may have 
secondary abnormalities without necessarily lowering 
fertility. However, primary abnormalities in greater than 
10% of the spermatozoa always result in a reduction in 
fertility.
Numerous studies have attempted to correlate the 
percentages of abnormal spermatozoa and fertility of bulls. 
Early observation of Williams and Savage (1927) suggested 
that greater than 15% abnormal spermatozoa in an ejaculate 
caused a reduction in fertility. In contrast, Anderson 
(1941) stated that 10% of the sperm cells in an ejaculate 
from fertile animals are abnormal. Subsequently, Trimberger 
and Davis (1942) reported that 27 dairy bulls with greater 
than 900 normal spermatozoa per thousand had significantly 
better breeding records than bulls with fewer normal 
spermatozoa. Uzu et al_. (1976) found an inverse relation­
ship between numbers of morphological abnormalities and 
fertility of 10 bulls, while Rob and Rozinek (1976) reported 
that bulls with disturbed spermiogenesis had lowered 
fertility. Recently Chandler et al.. (1978) concluded that 
64% of the total variation in fertility attributed to bulls
9
was accounted for by the percentage of primary abnormalities 
in an ejaculate.
McKenzie and Phillips (1954) attempted to correlate 
morphologically abnormal spermatozoa and fertility in the 
ram. Results indicated that rams with greater than 15% 
abnormal sperm cells had reduced fertility.
Specific primary abnormalities which have been studied 
quite extensively are those which involve the acrosome.
This structure which arises from a secretion product of the 
Golgi apparatus (Austin and Bishop, 1958) is of particular 
interest because of its critical role in fertilization. 
Hancock (1949) observed that ejaculates of seven Freisian 
bulls with known fertility problems were dominated by 
spermatozoa with a peculiar deformity located on the 
lateral aspect of the anterior pole of the sperm head.
Other semen characteristics of these bulls were within 
normal ranges and gave no indication of seminal inadequacy. 
However, matings to 108 females resulted in no pregnancies. 
This condition had been previously reported by Tieunissen 
(1946) who observed that the abnormality was present on 82 
to 90% of the spermatozoa from 60 bulls which were sterile 
or had low fertility. These findings were later confirmed 
by Rollinson and Makinson (1949).
Defects of the sperm acrosomal cap termed the "knobbed 
acrosome”, which are characterized by an excessively stained 
region at or near the apex of the head of the spermatozoon, 
have also been shown to cause sterility in bulls (Donald
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and Hancock, 1953; Hancock, 1953; Blom and Birch-Anderson, 
1962) .
Saacke et al. (1968) have described a number of acro­
somal cap abnormalities of bovine spermatozoa related to 
subfertility. Defects may reflect subtle as well as major 
deviations in nuclear morphology. The most prevalent acro­
somal abnormality had lateral and anterior protruding 
vesicles. These lateral vesicles may account for the 
ruffled and incomplete acrosomes on ejaculated sperm. 
Another defect was characterized by an evagination into the 
sperm nucleus near the apex of the sperm head. Both de­
fects were present on the spermatozoa of subfertile bulls 
with 40 to 60% non-returns to first services.
Roussel et a^. (1972) reported that the percentage of
absent or missing acrosomes was negatively correlated 
(P < .01) with motility and number of live spermatozoa. 
Also, the percentage of abnormal acrosomes was negatively 
correlated with concentration and motility of spermatozoa. 
These data suggest that acrosomal morphology should be 
included as part of a semen quality test for bulls.
Acrosomal cap abnormalities have also been reported 
on boar spermatozoa (Wohlforth, 1961) . Unsatisfactory 
breeding performance of two boars was traced to a acrosomal 
defect present on 80 to 100% of ejaculated spermatozoa. 
Following genealogical investigations, a simple recessive 
inheritance appeared to be the cause of this defect.
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Buttle and Hancock (1965) found no difference in sperm 
concentration between normal boars and boars possessing the 
knobbed acrosomal defect; however, semen from affected 
boars showed lower motility than semen from normal boars. 
None of 11 sows conceived when mated to affected boars. 
Also, intravaginal insemination of 12 sows and intra- 
oviductal insemination of nine sows with affected semen 
failed to result in pregnancy. It was suggested that 
sterility associated with the knobbed acrosomes was due to 
failure of spermatozoa to attach to ova.
According to Hancock (1952), acrosomal abnormalities 
of spermatozoa are a product of faulty spermatogenesis, but 
the aging phenomenon and post-mortem changes are associated 
with morphological changes in the acrosome of mature 
spermatozoa. Post-mortem changes of bull spermatozoa began 
with a progressive lifting or swelling of the acrosome on 
the sperm head, followed by shrivelling and ruffling of the 
edges of the acrosome which lead to a complete detachment 
of the acrosomal cap. Other spermatozoa were characterized 
by a complete disintegration of the acrosome at the 
equatorial plate. In later studies, Austin and Bishop 
(1958) observed similar changes in the acrosome of bull, 
hamster, guinea pig and mouse spermatozoa following cessa­
tion of motility.
The sequence of events associated with sperm cell 
death and aging reported in the previous studies coincide 
with morphological changes induced by different methods
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of handling semen. Iype et al. (19 63) noted that the 
acrosome of bovine and buffalo spermatozoa was completely 
removed when spermatozoa were suspended in water and sub­
jected to cold treatment (OC). Also, the acrosome of 
bovine spermatozoa showed varying degrees of disintegra­
tion following fixation with methanol. Saacke and Marshall 
(1968) compared the types of acrosomal morphology found in 
raw and diluted semen. Deterioration of acrosomal mor­
phology started as a loss of the apical ridge, followed by 
breakdown of the cell membrane and slight to severe swelling 
of the anterior acrosomal cap. Next, there was a distinct 
ruffling of the acrosome and breakdown of the outer acro­
somal membranes. Late stages of deterioration were 
characterized by loss of electron dense ground substance in 
the anterior acrosomal cap. Similar changes in acrosomal 
morphology have been reported by Wells and Awa (1970) 
following incubation of ejaculates at 37C. The percentage 
of abnormal acrosomes increased from an initial value of 
16.2% to 67.1% after 12 hr incubation, and progressed to 
88.7% after 24 hours. The percentage of capless sperma­
tozoa did not change during the first 12 hr incubation, but 
the percentage of spermatozoa with ruffled and elevated 
acrosomes increased rapidly. In a subsequent study.
Chandler et aJL. (1978) found that the percentage of intact 
acrosomes after 3 hr incubation at 37C was positively cor­
related (r = .87) to fertility. Results strongly indicated 
that percentage of intact acrosomes after 3 hr incubation
13
was as accurate an indicator of semen quality as was a 
battery of seminal quality parameters.
Although most observations have suggested that the 
correlation between the percentage of abnormal spermatozoa 
and fertility is unclear, Van Demark et̂  al^ (1945) sug­
gested that the number of abnormal spermatozoa in an 
ejaculate is extremely critical. Based on results of 
methylene-blue reduction tests, as well as glucose loss 
and lactic acid gain during incubation, these researchers 
concluded that structurally abnormal spermatozoa apparently 
utilize nutrients similar to normal spermatozoa.
Methods of Enhancing Semen Quality
Ant-CbA.0 tlcA and Extznd&A-&. Almquist (1943) introduced 
the use of antibiotics in semen dilutes as a means of re­
ducing bacteria contamination and for controlling the 
incidence of veneral diseases. In a later study, Knodt 
and Salisbury (194b) used sulfa drugs to reduce bacterial 
growth in diluted semen. Numerous other studies have 
utilized antibiotics to control bacteria and enhance 
livability of bovine spermatozoa (Knodt and Salisbury,
1946; Foote and Bratton, 1950; Almquist, 1951; Willett and 
Ohms, 1955; Zaugg and Almquist, 1973).
The use of antibiotics and extenders have also been 
reported to improve the longevity of stallion semen used 
for artificial insemination (Bowen, 1969; Pickett and Voss,
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1972; Back et a_l. , 1975; Nishikawa, 1975; Pickett et al ., 
1975, Pickett and Voss, 1975). For optimal use of A l , an 
extender is required to use antibiotics for 
control of disease, to control losses of spermatozoa during 
insemination of small volumes and to enhance and prolong 
longevity of spermatozoa.
Se.pah.atX.on o (J Spermatozoa, Other methods of enhancing 
semen quality have included: addition of various diluents
to obtain the optimum number of spermatozoa for maximal 
fertility, deep freezing of semen in various sizes of 
ampules and plastic straws, and addition of sugars and 
glycerol to prevent damage to sperm cells during the 
freezing process. These methods are protective in nature 
or provide a more favorable environment for sperm cell 
survival. However, the technique of Ericsson et al.
(197 3) may provide an alternative approach to improving 
semen quality. The technique involved layering a quantity 
of human semen over a bovine serum albumin (BSA) solution 
in glass columns and allowing spermatozoa a predetermined 
time interval to penetrate the medium. Ericsson suggests 
that the process creates an interface between the semen 
and isolation medium such that it separates motile from non- 
motile and morphologically normal from abnormal spermatozoa. 
Ross et al.. (1975) concluded that BSA gradients provided 
a method for selecting morphologically normal sperm of 
high motility. Soupart (1975) and Glaub et a_l. (1976)
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observed that seminal debris declined dramatically in 
successive BSA fractions and that lower fractions were 
virtually devoid of extraneous material. Also, BSA frac­
tions contained a select population of the fastest swimming 
spermatozoa? and only very few dead spermatozoa were pre­
sent in the lower BSA fractions.
Alteration of the Sex Ratio
The previous studies have demonstrated that mammalian 
semen is somewhat less than homogeneous and further suggest 
the possibility of obtaining a select population of sperma­
tozoa with greater fertility. Since a part of the heter- 
ogenity of semen is associated with differences in sex 
chromatin of X- and Y-chromosome bearing spermatozoa, it 
is logical to suppose that sex preselection and thus 
alteration of the sex ratio is within the realm of 
possibility.
Man's control of the sex ratio is one of the most 
interesting, unsolved problems in biology. From a
practical standpoint, the control of the ratio would permit
the production of an optimum proportion of males and fe­
males and thus take advantage of phenotypic differences in 
sex linked and sex influenced traits. The use of sex pre­
selection would also result in increased selection pressure 
and optimize genetic progress by insuring that male progeny 
as potential sires and female progeny as potential replace-
16
merits would come from the best sire X dam crosses (Foote 
and Miller, 1971).
Hosimomi . Several different hormone treatments have 
been utilized in attempting to alter the primary sex ratio, 
i.e., the ratio of males:females at conception. White and 
DeCosta (1960) administered injections of .625 to 6.25 mg 
cortisone twice weekly to rats for 6 to 25 weeks and found 
that sex ratios for litters were not significantly 
different from control values. The sex ratio for litters 
receiving 5mg cortisone was 31 males: 15 females; however, 
the relatively small numbers limited meaningful conclusions.
Efficacy of altering the sex ratio with injections of 
estrogen and progesterone was tested by Hahn and Hays 
(1963). Injections of estrogen and progesterone adminis­
tered to pregnant rats, ovariectomized at day 8 of preg­
nancy, in dosages near physiological levels decreased the 
secondary sex ratio to 80.4 males per 100 females and in­
creased the ratio to 122.2 males in intact females. A 
decrease in litter size of treatment groups suggested that 
exogenous hormones brought about preferential mortality or 
survival of one sex.
Vladimirsjka (1964) observed that the addition of 
androgens to semen for insemination of sows, cows, and 
rabbit does increase the percentage of males almost two­
fold. In a separate study, Vladimirskaja (1966) reported 
increases in the frequency of males by factors of 1.3 to
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2.0, 1.9 and 2.3 to 3.0 by adding methyl testosterone to 
boar, bull and rabbit semen, respectively. Harcenko (1967) 
noted that low doses (.02 5 or .125 gr) of methyl testos­
terone added to the semen diluent caused predominance of 
male pigs, while larger doses resulted in more female 
pigs. More recently, Petrenko and Tkachuk (1970) insem­
inated ewes and rabbit does with semen treated with methyl 
testosterone and reported sex ratios of progeny were 62.8 
and 64.4% males, respectively.
Another approach to the use of hormones to alter the 
sex ratio was reported by Volosevic (1967), who inseminated 
cattle, sheep and sows with semen diluted with extracts of 
the testis, placenta and spleen. A predominance of female 
offspring were produced by addition of extracts of the 
testis and placenta, but not spleen, to the semen of bulls, 
rams, boars and rabbits.
Since previous studies utilizing hormones to alter 
sex ratios suggested that hormones exerted a differential 
effect on the X- and Y-bearing spermatozoa, Beck et al. 
(1976) investigated this possibility by determining the 
effects of steroid hormones on motility and selective 
migration of X- and Y-bearing human spermatozoa. Sperm 
cell migration after 15 min was not significantly different 
among the different hormones (testosterone, estrogens and 
gestagens in 20% HSA) however ; after 30 min, a significant 
difference was observed between hormones stimulating sperm 
cell motility (estrogen and testosterone) and those
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suppressing motility (gestagens). Also, the percentage of 
Y-bearing spermatozoa increased from 4 6.2% at 10 mm migra­
tion distance to 63% at 90 mm distance.
Immanotog-icat Mztkod&. Identification of a specific 
antigen, located on either the X- or Y-bearing spermatozoa, 
capable of inducing the formation of antibodies and of reacting 
in some detectable manner with the induced antibody offers 
an alternative approach to the separation of X- and Y- 
bearing spermatozoa. Stambaugh and Buckley (1971) dis­
covered a new isozyme (X^) of lactic dehydrogenase (LDH), 
the enzyme which catalyzes the final step in anaerobic 
glycolysis, that may be characteristic of male producing 
spermatozoa. Intrauterine insemination of rabbit does with 
spermatozoa carrying the X4 isozyme produced 68 males and 
32 females (a maleifemale ratio of 2.12), thus suggesting 
that the X^ isozyme may be used as an assay for distin­
guishing between X- and Y-bearing spermatozoa.
Another immunological method of separating X- and
Y-bearing spermatozoa was reported by Bennett and Boyse
(1973), who prepared an antiserum to the H-Y antigen of rat
spermatozoa. Insemination with spermatozoa treated with
antiserum resulted in 4 5.4% males compared with 53% from
naturally mated control rats. Results suggest that sperm
cells containing the Y-chromosome have the H-Y antigen or
have more H-Y antigen on their surface than X-bearing sperm 
cells.
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Since the avian male has hormologous sex chromosomes 
and the female has heterologous sex chromosomes, it is 
logical to believe that antigens on bird spermatozoa may 
be similar to antigens on one genotype of mammalian sperma­
tozoa. Burkov (1971) suggested that it might be possible 
to use bird sperm cells as an immunizing antigen. Sex 
ratio of offspring produced by rabbits, intravaginally 
immunized with bird spermatozoa, differed (P < .05) from 
control offspring, 41.8 and 52.1% males, respectively. 
Alteration of the sex ratio was interpreted as a result of 
immune attack against Y-bearing mammalian sperm, or a 
preferential protection of X-bearing spermatozoa. Assump­
tions of Burkov were further investigated by Hancock (1978) 
who reported that antisera which showed anti-bird 
spermatozoa activity did not show comparable activity 
against rabbit spermatozoa, and thus concluded that rabbit 
and bird spermatozoa were antigenetically dissimilar. The 
sex ratio of offspring produced by rabbit does inseminated 
with sperm plus anti-bird spermatozoa sera (79 males and 
107 females) differed significantly from inseminations 
with sperm plus normal sera (50 males and 28 females), thus 
suggesting a preferential reaction of anti-bird spermatozoa 
antibodies with either X- or Y-bearing rabbit spermatozoa.
Timing o$ 1nAemanation. Clinical observations suggest 
that the sex of the fetus may be influenced by the time 
relationship between insemination and ovulation. In the
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middle of the fertility period, the sex ratio is presumed 
to be approximately equal, and as the time interval between 
insemination and ovulation increases or decreases, there is 
a predominance of one sex. Hammond (19 34) reported a marked 
increase in the sex ratio of rabbits as the time of in­
semination approached ovulation. Further studies by 
Blandau and Jordan (1941) produced a higher percentage of 
male rats from insemination at various times (6 to 12 hr) 
after ovulation. Hart and Moody (1949) concluded that the 
time factor between insemination and ovulation directly 
influences the sex ratio in rats. In contrast, Vickers 
(1969) found no significant difference between sex ratios 
of mice produced from control matings and the sex ratio 
of offspring produced from matings with delayed fertiliza­
tion times.
Several of the previous studies have suggested that 
insemination of females relative to the time of ovulation 
may cause a predominance of one offspring. Therefore, it 
would seem logical that artificial insemination of cattle 
12 hr after the onset of standing heat might result in a 
higher percentage of male offspring. Data from 1,783 single 
born Holstein calves from 26 herds did not show any al­
teration of the natural sex ratio (Gardner, 1950).
Ballinger (1970) found no deviation of normal sex ratios 
for calves conceived from inseminations early or late in 
estrus. Furthermore, Foote (1977) observed that the sex 
ratio for over 35,000 single births in 2,254 dairy herds
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was not different among the five dairy breeds. However, 
there was a slight preponderance of male calves, 50,8%, 
compared with female calves, 49.2%, in all breeds.
E|$($ecf o<5 pH. A German physician, Felix Unterberger, 
noted that many of his patients with fertility problems 
had a high acid content in the vagina. Since it was known 
that vaginal lavage with bicarbonate solution helped to 
overcome sterility or failure to conceive in dogs, cows and 
horses, and since bicarbonate washings are completely harm­
less, Unterberger used a bicarbonate douche to combat 
vaginal acidity. Following treatment, the child conceived 
was more frequently a boy (Warren, 1940). Since these 
observations suggested that alkaline conditions at con­
ception favored the birth of boys, it was logical to suppose 
that acid conditions would favor the birth of girls.
Roberts (1940) tested the effects of acid or alkali 
douches on the sex ratio of rats. Douching females with 
lactic acid (2 and 3%) before mating was effective in 
increasing the proportion of females, while sodium bi­
carbonate (3 and 5%) increased the proportion of males.
Cole et a_l. (1940) and Quisenberry and Chandiramani (1940) 
were unsuccessful in altering the sex ratios of rabbits or 
rats using an acid or alkali douche prior to mating.
Negative results were also reported by McPhee and Eaton 
(1942).
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Casida and Murphree (1942) tested the effect of direct 
contact of spermatozoa with lactic acid or sodium bi­
carbonate on the sex ratio of rabbits. No modification of 
the expected sex ratio was observed by treatment of 
spermatozoa with acid or alkali solutions.
Weir (195 3) suggested that the pH of the dam’s re­
productive tract may cause preferential selection of X- or 
Y-bearing mouse spermatozoa. According to his hypothesis, 
cervical mucous with a relatively high pH tends to favor 
Y-bearing spermatozoa and low pH favors X-bearing sperma­
tozoa. Further testing of this hypothesis by Kleegman 
(1954) showed that human cervical mucous is acidic around 
midcycle and at ovulation the pH is highest. Inseminations 
at the time of ovulation produced a preponderance of males, 
and inseminations 2 days prior to ovulation resulted in 
predominantly female offspring. Later, Cohen (1967) was 
unable to confirm these results. Furthermore, Diasio and 
Glass (1971) concluded that small changes in pH did not 
influence the migration of human Y-bearing spermatozoa.
Et&c.t/LOpho^.z6^A. Electrophoresis is based on the 
principle that charged particles migrate through a solution 
under the influence of an electric field. Mudd et al.
(1929) were the first to study spermatozoa in a electro­
phoretic apparatus and to note that migration was determined 
by a net negative surface charge on the sperm cell tail.
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If X- and Y-bearing spermatozoa have opposite surface 
charges, electrophoresis would facilitate their separation. 
Koltzoff and Schroder (1933) reported that electrophoresis 
of horse or rabbit spermatozoa caused some spermatozoa to 
move toward the anode, while others moved toward the 
cathode and some showed no movement. Insemination of 
rabbit does with anode migrating spermatozoa produced 6 
females, cathode migrating spermatozoa produced 4 males and 
one female. Insemination with spermatozoa showing no move­
ment during electrophoresis produced two male and two 
female offspring. Lewin (1956) and Gordon (1957) reported 
that insemination of anode migrating rabbit sperm produced 
a high proportion of male offspring, and insemination with 
cathode migrating spermatozoa produced a high proportion of 
female offspring. However, Vesselino vitch (1960) and 
Sevine (1968) were unable to confirm that electrophoresis 
would separate X- and Y-bearing spermatozoa.
Additional information on electrophoresis of sperma­
tozoa was presented by Bangham (1961) who described several 
types of spermatozoa based on movement during electro­
phoresis. Spermatozoa with a more negative charge on their 
tail than on their head moved toward the anode with the 
tail projected foremost; these spermatozoa were referred 
to as "tail anode" spermatozoa. A second type of sperma­
tozoa swam toward the anode because of a more negative 
charge on the head than on the tail, and were designated 
as "head anode" spermatozoa. Movement of these spermatozoa
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could be controlled by strength of electric field and pH. 
Therefore, Bangham suggested that a zone type of electro­
phoresis would result in a more homogeneous separation.
In further studies of electrophoresis, Hafs and Boyd 
(1971) utilized different types of electrophoretic cells 
to separate rabbit and bull spermatozoa. Their data showed 
that sex ratios in rabbits were altered when anode or 
cathode migrating spermatozoa were used for insemination. 
Later studies in which cows were inseminated with sperma­
tozoa that had migrated to the anode or cathode did not 
influence the percentage of male calves (Hafs and Boyd,
1974) .
Studies thus far suggest that electrophoretic separa­
tion of X- and y-bearing spermatozoa is not feasible. How­
ever, Douglas et al. (1976) utilized a similar principle in 
an attempt to separate human or rabbit spermatozoa with 
cation and anion exchange chromatography. Sex ratios of 
rabbits produced from cation exchange treated and controlled 
spermatozoa were 48.7, 51.3 and 48.3%, respectively. The 
authors concluded that exchange chromatography did not 
effectively separate X- and Y-bearing spermatozoa.
SzdA.rmntat'Lon. Since X-chromosome bearing spermatozoa 
of several species have a greater mean dry mass than Y- 
chromosome bearing spermatozoa (Harvey, 1946? Oresnik,
1970; Sumner and Robinson, 1976), theoretically the heavier 
X-spermatozoa should sediment more rapidly than the lighter
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Y-spermatozoa. Following sedimentation of rabbit sperma­
tozoa, Bhattacharya (1962) reported that spermatozoa in 
lower fractions had significantly larger heads than sperma­
tozoa in the upper fractions. Insemination with spermatozoa 
from the upper, middle and lower fractions produced 7 7.4, 
54.7 and 28.2% males, respectively. Bedford and Bibeau 
(1967) were unable to confirm changes in sex ratio after 
sedimentation of rabbit spermatozoa.
Separations of spermatozoa by sedimentation has also 
been reported for farm animals. Schilling (1966) and 
Krazanowski (1970) fractioned bovine spermatozoa in a 
medium that preserved motility and sperm cell survival.
Cows inseminated with lower fractions of spermatozoa pro­
duced significantly more females than control cows. How­
ever, Bhattacharya et al. (1966) and Knaack (1970) were un­
able to alter the sex ratio of calves by insemination of 
sedimented bovine spermatozoa. Petrenko (1968) sedimented 
ram spermatozoa in egg yolk-glucose-citrate medium and 
observed that spermatozoa in the upper portion had 
significantly smaller heads than spermatozoa in the lower 
portion. Ewes inseminated with upper and lower portions 
produced 65.5 and 31.1% males, respectively. These values 
were significantly different from control ratios.
In a somewhat different approach to sedimentation,
Kiddy and Bailey (197 3) adjusted atmospheric 
pressure to sediment rabbit spermatozoa. However, sex 
ratios of offspring produced by treated spermatozoa were
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not significantly different from normal values.
Another means of separating X- and Y-spermatozoa by 
sedimentation is froth flotation (More O'Farrall et al,,
1968} . As with other sedimentation procedures, froth flota­
tion attempts to separate "heavy" and "light" spermatozoa.
A standardized air flow is bubbled through semen, the 
fraction of spermatozoa separated with air bubbles is termed 
the froth fraction and the remaining portion is designated 
the sink fraction. Sex ratios of litters produced by 
control, froth and sink rabbit spermatozoa were not 
significantly different.
Cznt't-ifiugati.on. Since X-chromosome bearing sperma­
tozoa have a larger volume and/or a higher density than Y- 
bearing spermatozoa, centrifugation has been utilized in an 
attempt to enhance sedimentation of X- and Y-bearing 
spermatozoa. Lindahl (1956) produced more male calves by 
insemination of light spermatozoa after counter-streaming 
centrifugation of bovine spermatozoa. However, in a 
second study, Lindahl (1958) was unable to confirm that 
counter-streaming centrifugation effectively separated X- 
and Y-bearing spermatozoa.
After centrifugation of human spermatozoa in discon­
tinuous sucrose gradients, Rhode et al̂ . (1975) observed 
four bands of differing densities. A higher percentage of 
Y-bearing spermatozoa were present in the first two fractions 
of lower densities.
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Density gradient centrifugation of rabbit spermatozoa 
has been reported by Schilling and Thormahlen (1976) . In­
semination with light spermatozoa produced more male pro­
geny and insemination with heavy spermatozoa produced more 
females. Furthermore, if less than 5% of the total 
spermatozoa in the top or bottom portion was inseminated, 
the percentage of males and females, respectively, was 
increased.
A major problem with centrifugation is that it is 
detrimental to motility and viability of spermatozoa. 
Consequently, Shastry et al. (1977) attempted to develop 
a method to protect spermatozoa during separation by 
centrifuging human spermatozoa layered on Ficoll-sodium 
metrizoate density gradients. Based on the fluorescence 
of the Y-body, the sediment was rich in Y-bearing sperma­
tozoa and the interface between solutions consisted pre­
dominately of X-bearing spermatozoa. Also, the motility 
and viability of these spermatozoa was only slightly re­
duced .
During the past 50 years, attempts to separate X- and 
Y-chromosome bearing spermatozoa have failed or have 
resulted in only limited success. However, the recent 
technique of Ericsson et. al̂ . (1973) for the isolation of 
fractions rich in human Y-spermatozoa has been quite 
successful. These researchers have isolated fractions of 
human spermatozoa that are predominately (85%) Y-chromosome 
bearing spermatozoa. Their results have been confirmed by
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numerous studies (Soupart, 1975; Breuer al^., 1977; David 
et al.* 1977; Dmowski et al^., 1979b). Therefore, the 
possibility of sex control on a clinical basis might be 
practical in the near future.
Studies in the literature on male fertility are 
numerous, while attempts to enhance semen quality and/or 
to separate a more homogeneous population of spermatozoa 
have been somewhat limited, especially in the stallion.
One of the primary weaknesses of stallion semen is its 
high percentage of non-motile and abnormal spermatozoa. 
Since these abnormal spermatozoa metabolize energy at a 
similar rate as normal cells and may, therefore, produce a 
detrimental effect on the survival of normal spermatozoa, 
the most logical approach to improving stallion semen 
quality would be to isolate a fraction of highly motile 
spermatozoa that is free of abnormal spermatozoa and 
extraneous materials. The experiment reported herein was 
conducted to determine if a population of highly motile 
spermatozoa could be isolated from stallion semen and, if 
so, to evaluate the fertility of these spermatozoa when 
used for artificial insemination. Also, the sex and vigor 
of foals at birth will be recorded to evaluate the effects 




Experiment 1. Isolation of a Population of Highly Motile 
Stallion Spermatozoa.
Three mature stallions (two Quarter Horses and one 
Thoroughbred) ranging in age from 6 to 12 1 ears were used 
as experimental animals in the initial experiment. An 
ejaculate of semen was collected from each of the stallions 
by the artificial vagina method at 7-day iitervals for 
5 weeks. Immediately following collection, semen samples 
were examined microscopically in the laboratory. Each 
ejaculate was evaluated for percent motile spermatozoa and 
rate of progressive motility (scale 1 to 4 by light 
microscopy at 200 magnification. Subsequently, ejaculates 
were split with half of the semen being u .ed in the isola­
tion procedure while the remaining half served as a control 
(figure 1). A final concentration of 150 to 200 x 106 
spermatozoa/ml was obtained by diluting semen samples 
having relatively high concentrations (>200 x 10^ sperma­
tozoa/ml) with Tyrode's solution.^" The pH of the Tyrodefs
2solution was adjusted to 7.4 with 1% Tris buffer. Modifi­
cation of the bilayer separation procedure of Ericsson 
et a l . (1973) was required in the present experiment.
1TC Tyrode Solution (10X), No. 5555-72, DIFCO Labo­
ratories, Detroit, MI.
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Figure 1. Experimental design for Experiment 1.
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Modifications consisted of layering 2 ml of raw semen or 
2 ml of raw semen diluted with Tyrode's solution over 6 ml 
of 3% BSA3 in 13 x 125 mm columns. The 3% BSA solution 
was prepared by diluting commercially prepared BSA with 
Tyrode's solution. For the purpose of determining the 
effects of temperature on the isolation procedure, isola­
tion columns were run at room temperature (RMT) and addi­
tional columns were placed in a warm water bath (WB) at 
36 C. After 30 min, the top semen layer and the upper and 
lower halves of the BSA fraction were withdrawn from each 
column and pooled in respective tubes. Each of the 
different fractions was evaluated for percent motile 
spermatozoa and rate of progressive motility.
Sperm cell parameters were examined statistically 
using analysis of variance. The statistical model included 
the following sources of variation: horse, week, treat­
ment, position, as well as horse x week and treatment x 
position interaction effects. Means for sperm cell 
parameters were compared with the initial estimates ac­
cording to Dunnett's procedure {Steel and Torrie, 1960).
Experiment 2. Effects of the BSA Isolation. BSA and 
Tyrode's Solution on Acrosomal Integrity and Removal of a 
Fluorescent Label from Spermatozoa.
3Albumin, Bovine, No. A-4878, Sigma Chemical Co., 
St. Louis, MO.
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A second experiment was designed to examine the 
effects of the isolation procedure on the acrosomal inte­
grity of spermatozoa and on the removal of a fluorescent 
label from spermatozoa.
A total of 40 ejaculates were obtained from four 
mature stallions (two Quarter Horses, one Thoroughbred and 
one Shetland pony) ranging in age from 5 to 12 years. 
Immediately following collection, semen samples were eval­
uated for percent motile spermatozoa and rate of progressive 
motility as described in Experiment 1. Percentage of 
spermatozoa with intact acrosomes was determined after the 
method of Saacke and Marshall (1968). Semen samples were 
examined by Nomarski differential interference contrast 
microscopy (1000X). Spermatozoa with intact acrosomes 
were characterized by the presence of a distinct apical 
ridge at the anterior acrosomal cap.
4The antibiotic tetracycline hydrochloride (T-HC1) 
is a fluorophor which acts as a supravital stain when added 
to mammalian spermatozoa {Ericsson and Baker, 1967) . Since 
T-HC1 was removed from spermatozoa in the uteri and ovi­
ducts of estrous females, but was not removed in the 
uteri of pseudopregnant females or females with a
4Polyotic, American Cyanamide Company, Princeton, NJ.
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functional corpus luteum, Ericsson (1967 a, b) suggested 
that removal of T-HC1 from spermatozoa could be used as a 
non-biological test for capacitation. Therefore, adapta­
tion of this technique was utilized to determine if the 
isolation procedure initiates sperm cell capacitation.
Fresh semen samples were labelled with 6 ug T-HC1/106 
spermatozoa. Following 10 min incubation, 2 ml of semen 
(100 x 10^ spermatozoa/ml) were layered over 6 ml of 3%
BSA. In order to test the effects of dilution on removal 
of T-HC1, 50, 100 and 200 x 10^ labelled spermatozoa were 
suspended in 6 ml BSA and 6 ml Tyrode's solution (figure 
2). After 30 min, the top semen layer and upper and lower 
halves of the BSA fraction from separation columns were 
withdrawn and pooled in respective tubes. Also, an aliquot 
from each column in the BSA and Tyrode's treatments was 
placed in separate tubes. Subsequently, each of the 
different fractions was evaluated for percent motile 
spermatozoa, progressive motility rate, percentage of 
intact acrosomes and a fluorescent score. Presence of 
T-HC1 was assessed with an Olympus BH microscope equipped 
with a Fluorescence BH-RFL 100 watt mercury vapor illumi­
nator. Fluorescence was based on a scale 0 to 4 with 0, 
indicating no fluorescence, 1, only the tail of the 
spermatozoa fluorescencing, and 2, 3 and 4 indicating weak, 
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Figure 2. Experimental design for Experiment 2.
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Results were examined statistically using analysis of 
variance. Statistical model included ejaculate, combina­
tion and error sources of variation. The initial estimate, 
each position in the isolation columns and each concentra­
tion of spermatozoa suspended in BSA or Tyrode's solution 
constituted a treatment combination. Differences between 
treatment means (combinations) were determined with Duncan's 
New Multiple Range Test (Steel and Torrie, 1960).
Experiment 3. Fertility of Stallion Spermatozoa Isolated 
in BSA.
A third experiment was designed to compare the 
fertility of spermatozoa isolated in BSA with that of raw 
semen diluted with either Tyrode's solution or BSA. Semen 
was obtained from three mature stallions according to 
methods previously described. Based on results from the 
initial experiment, the isolation procedure was carried 
out in a warm water bath (36C). Isolation of spermatozoa 
was accomplished by layering 2 ml of semen containing 100 x 
10^ live spermatozoa over 6 ml of 3% BSA in 13 x 125 mm 
columns. The correct sperm cell concentration was ob­
tained by dilution of semen with Tyrode's solution.
Thirty Quarter Horse mares were randomly assigned to three 
treatment groups (figure 3) for fertility tests in this 
experiment. During estrus, mares were palpated per rectum 
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Figure 3. Isolated and control treatments used for 
fertility test in Experiment 3.
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on palpation data, each mare was inseminated beginning on 
day 2 or 3 of estrus and every other day thereafter until 
ovulation was detected. In the first treatment group, 10 
mares were inseminated with 100 x 10^ live spermatozoa 
suspended in Tyrode's solution. Group 2 consisted of 10 
mares which were inseminated with 100 x 10^ live sperma­
tozoa suspended in 3% BSA. The third group of 10 mares 
was inseminated with 100 x 10^ live spermatozoa isolated 
in the lower BSA fractions of the separation columns. An 
equal volume of 15 ml was used for insemination of all 
mares. After two estrous cycles, mares that had not con­
ceived were removed from their respective treatment groups 
and bred according to conventional breeding procedures. 
Pregnancy was confirmed by palpation after 45 days. Also, 
the sex and vigor of foals at birth were recorded.
Pregnancy and foaling rates of mare groups were 
tested by Chi-square analysis.
CHAPTER IV 
RESULTS AND DISCUSSION
Experiment 1. Isolation of a Population of Highly Motile 
Stallion Spermatozoa
Data for the effects of BSA isolation on percent 
motile spermatozoa are presented in table 1. Analysis of 
variance revealed a significant (P < .01) treatment effect. 
Also, the effects of position, i.e., top semen layer, and 
upper and lower halves of the BSA fraction, and treatment 
x position interaction effects were highly significant. 
Consequently, the results are discussed by position within 
treatment, rather than by treatment. Immediately after 
collection, the mean value for percent motile spermatozoa 
was 41.7. Following the 30 min isolation period, there 
was a marked decrease (P < .01) in motility of the top, 
middle and bottom fractions of the control semen compared 
with the initial estimate. This decline in sperm cell 
motility was expected, since control semen consisted of a 
column of raw semen, at room temperature, which was sub­
sequently divided into top, middle and bottom fractions. 
White (1968) reported that sperm cells are deprived of 
oxygen by letting semen stand in long narrow tubes and 
that oxidation of the lactic acid cannot take place. 
Therefore, this decline in percent motility of control 
spermatozoa was possibly due to a drop in pH caused by an
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TABLE 1. EFFECT OF BSA ISOLATION PROCEDURE 
ON PERCENT MOTILE SPERMATOZOA3
Motile Percent
Item spermatozoa (%) change (±
Initial 41.7 + 2 .99 -
Control
Top portion 15. 3 + 1.79** 63.3 (-)
Middle portion 15.7 + 1.82** 62.3 (-)Bottom portion 15.7 + 1.96** 62.3 (-)
Treatment 1 (RMT)
Semen layer 27 .0 + 2.16** 35.3 (-)Upper BSA fraction 44.0 + 3.72 5.5 ( + )
Lower BSA fraction 58.7 + 3 .76** 40. 8 ( + )
Treatment 2 (WB)
Semen layer 32.7 + 3 .16** 21.6 (-)
Upper BSA fraction 53.0 + 3.37** 27.1 ( + )
Lower BSA fraction 65.7 + 4.11** 57 .6 ( + )
aMean ± S E .
‘♦Difference significant (P < .01) from initial mean.
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accumulation of lactic acid. Faust et al^ (1976) reported 
a decline in motility and a corresponding decline in pH 
for bovine spermatozoa layered over BSA. However, less 
change in pH would be expected with stallion semen since 
equine spermatozoa are relatively poor anerobes (Mann et. 
al ., 1963). In the present experiment, there was also a 
decline in spermatozoal activity in the upper semen layer 
of both RMT and WB treatments. However, the percent 
motile spermatozoa in the lower BSA fraction increased 
(P < .01) to 58.7 and 6 5.7 for the RMT and WB treatments, 
respectively. Also, there was a 27.1% increase {P < .01) 
in motile spermatozoa in the upper BSA fraction for the WB 
treatment. Motility of the upper BSA fraction for the RMT 
columns was not significantly different from the initial 
estimate. Increases in sperm cell motility as a result of 
BSA isolation in the present experiment are similar to 
increases previously reported for human (Ericsson et al., 
1973; Ross et a l ., 1975) and bovine spermatozoa (Faust et̂  
al., 1976) .
There were also significant changes in progressive 
motility rate of spermatozoa following BSA isolation 
(table 2). Analysis of the data showed a significant 
treatment, as well as position and treatment x position 
interaction effects. Based on a scale 1 to 4, the average 
progressive motility rates of control spermatozoa were 
1.6, 1.7 and 1.7 for the top, middle and bottom fractions,
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TABLE 2. EFFECT OF BSA ISOLATION PROCEDURE 
ON PROGRESSIVE MOTILITY RATE OF SPERMATOZOA®
Progressive Percent
Item motility*3 change (±)
Initial 2.9 + 100 1—1 *
Control 1.6 ± .16** 44.8 (-)
Top 1.7 + .15** 41.4 (-)
Middle 1.7 + .16** 41.4 (-)
Bottom
Treatment 1 (RMT)
Semen layer 2.3 ± .16** 20.7 (-)
Upper BSA fraction 2.9 ± .15
Lower BSA fraction 3.3 ± .13* 13.8 (+)
Treatment 2 (WB)
Semen layer 2.6 ± .16 10.3 (-)
Upper BSA fraction 3.5 ± .17** 20.7 ( + )
Lower BSA fraction 3.7 ± .12** 27.6 (+)
aMean ± SE.
^Scale 1 to 4-
*Difference significant tP < m 05) from initial mean.
♦♦Difference significant (P < m 01) from initial mean.
42
respectively. Although there was no change in progressive 
rate of spermatozoa from the upper BSA fraction of the RMT 
columns compared with the initial estimate, progressive 
rate of spermatozoa from the lower BSA fraction increased 
(P < .05) to 3.3. Also, progressive rate of spermatozoa 
from the upper and lower halves of the BSA fraction of WB 
columns increased (P < .01) to 3.5 and 3.7, respectively. 
Observations in the present experiment are similar to 
those reported by Glaub et al̂ . (1976) who found that 
motility score of human spermatozoa in successive BSA 
fractions were clearly higher than the top semen fraction 
or parent semen control.
Although not studied systematically in this experi­
ment, routine microscopic examination showed noticeably 
fewer abnormal spermatozoa and less debris in the lower BSA 
fractions of both RMT and WB isolation columns. Similar 
observations were reported by Ericsson et al. (1973), who 
suggested that the process successfully selects a popula­
tion of spermatozoa that are almost entirely motile and 
morphologically normal. These data suggest that stallion 
spermatozoa respond similar to human and bovine spermatozoa 
when layered over BSA.
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Experiment 2. Effects of BSA Isolation; BSA and Tyrode's 
Solution on Acrosomal Integrity and Removal of a Fluorescent 
Label from Spermatozoa
Since the isolation of equine spermatozoa in BSA 
resulted in acceleration of motility rate, a characteristic 
commonly associated with spermatozoa which have undergone 
the initial stages of capacitation, a second experiment 
was conducted in an attempt to investigate the possibility 
that capacitation had been initiated. Removal of the 
supravital fluorescent stain T-HC1 from spermatozoa was 
used as an indicator of possible initiation of capacitation. 
Also, since it is recognized by some researchers that 
capacitational changes must occur prior to initiation of an 
acrosome reaction, the percentage of spermatozoa with 
intact acrosomes was determined.
Data for percent motile spermatozoa and progressive 
motility rate of spermatozoa were recorded in the second 
experiment to confirm that the isolation procedure was 
functioning as reported in experiment 1. The mean initial 
value for percent motile spermatozoa was 50.0 (table 3). 
Following the 30 min isolation period, there was a sig­
nificant decrease (P < .05) in motile spermatozoa in the 
top semen layer of BSA isolation columns compared with the 
initial estimate. This decrease was similar to the decline 
in sperm cell motility reported for spermatozoa in the top 
semen layer of the isolation columns in experiment 1.
Percent motile spermatozoa in the upper and lower halves of
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TABLE 3. EFFECT OF BSA ISOLATION, BSA AND TYRODE'S 






Initial 50.0 + 5. 9b
BSA isolation
Semen layer 24.1 ± 6 *7S 51. 8 (-)Upper BSA fraction 54 . 5 ± 11. 4d 8 . 8 ( + )
Lower BSA fraction 65.2 ± 9 . 9e 30.4 ( + )
BSA suspension £50 x 10® spermatozoa 32.8 ± 10.4? 34 .4 (-)
100 x 10® spermatozoa 32.6 ± 10. lf 34 . 8 (-}
200 x 10® spermatozoa 32.0 + 9.1f '9 36.0 (-)
Tyrode's suspension
50 x 10® spermatozoa 29.5 9.19 41.0 (-)
100 x 10® spermatozoa 27.9 + 9 . 8h i _ 44 . 2 (-)200 x 10® spermatozoa 26.1 + 9 .6c »h 47.8 (-)
aMean ± SE .
b,c,d,e,f,g,hMeang the same letter are not
significantly different.
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the BSA fraction of isolation columns increased (P < .05) 
to 54.4 and 65.2, respectively. These data, as well as 
results of the initial experiment, confirm that a popula­
tion of highly motile spermatozoa can be isolated from 
stallion semen.
Since the motility of spermatozoa (50, 100 and 
200 x 10^) suspended in BSA and Tyrode's solution was lower 
(P < .05) than the initial estimate and upper and lower
halves of the BSA fraction from the isolation columns, 
increases in percent motile spermatozoa following BSA 
isolation apparently were not due to exposure of spermatozoa 
to the isolation medium.
Initial value for progressive motility rate (scale 
1 to 4) of spermatozoa was 2.9 (table 4). After the 30 
min isolation period, the progressive rate of spermatozoa 
in the upper and lower halves of the BSA fraction from 
isolation columns increased (P < .05) to 3.4 and 3.7, 
respectively. In contrast to the reduction in percent 
motile spermatozoa, suspension of spermatozoa (50 and 
100 x 10**) in BSA significantly increased progressive 
motility rate .
Although values were lower than the progressive rate 
of spermatozoa isolated in BSA, these results suggest a 
stimulating effect of BSA on the progressive motility rate 
of spermatozoa. Harrison et al̂ . (19 78) found that sperm 
cell motility was preserved in the presence of serum
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TABLE 4. EFFECT OF BSA ISOLATION, BSA AND TYRODE'S 






Initial 2.9 . 4C -
BSA isolation
Semen layer 2.5 ± . 6 'n 13.8 (-)
Upper BSA fraction 3.4 ± .4e 17 .2 ( + )
Lower BSA fraction 3.7 ± . 3^ 27.6 { + )
BSA suspension
50 x 10® spermatozoa 3.1 + .69 6.9 ( + )
100 x 10® spermatozoa 3.2 + .6y 10. 3 ( + >
200 x 10 spermatozoa 3.1 ± . 6C *g 6.9 ( + )
Tyrode's suspension
50 x 10® spermatozoa 2.6 ± 10. 3 (-)
100 x 10® spermatozoa 2.5 ± •5 10. 3 (-)200 x 10® spermatozoa 2.4 ± .6J 17.2 (-)
aMean ± SE. 
bScale 1 to 4.
c, , e, f, g , hMeans the same letter are not sig­
nificantly different.
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albumin and that human or bovine serum albumin was con­
sistently the most effective. More recently, Suter et 
al. (1979) reported that 3% human serum albumin enhanced
the motility of human spermatozoa.
Isolation of spermatozoa in 3% BSA significantly 
affected the removal of T-HC1 from spermatozoa. Mean 
fluorescent scores for all treatments were lower (P < .05) 
than the initial value (table 5). Immediately after incuba­
tion of spermatozoa with T-HC1, the initial fluorescent 
score was 3.9. Following BSA isolation, there was a 
significant reduction in fluorescence of spermatozoa in 
successive fractions. The fluorescent scores for the top 
semen layer, and upper and lower halves of the BSA fraction 
decreased (P < .05) to 3.0, 0.9 and 0.7, respectively.
Also, fluorescence of spermatozoa in the upper and lower 
halves of the BSA fraction was significantly lower than 
that of spermatozoa in the top semen layer of the isolation 
columns.
In order to determine if T-HC1 was physically removed 
from spermatozoa simply by dilution rather than an effect 
of the isolation procedure, different sperm cell concentra­
tions (50, 100 and 200 x 106) were suspended in BSA or 
Tyrode's solution. After 30 min, the mean fluorescent 
scores for spermatozoa suspended in BSA were 1.7, 1.9 and 
2.0. Corresponding scores for spermatozoa suspended in 
Tyrode's solution were 2.9, 2.8 and 2.8 for 50, 100 and
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TABLE 5. EFFECTS OF BSA ISOLATION, BSA AND TYRODE'S 
SOLUTION ON FLUORESCENCE OF SPERMATOZOA3
bItem Fluorescence
Initial 3.9 + . 3C
BSA isolation
Semen layer 3.0 + . 6
Upper BSA fraction 0.9 + . 7e
Lower BSA fraction 0.7 ± . 5f
BSA suspension
50 x 10b spermatozoa 1.7 ± *6g h100 x 10® spermatozoa 1.9 ± .4g,h
200 x 10® spermatozoa 2.0 ± . 4
Tyrode's suspension 
50 x 10® spermatozoa 2.9 ± .4d,i.4d,i100 x 10® spermatozoa 2.8
200 x 10® spermatozoa 2.8 ± . 4d, i
Mean ± SE. 
bScale 0 to 4.c,d,e ,f,g,h ,iMeans w ith the same letter are not 
significantly different*
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200 x 106 spermatozoa, respectively. These values were 
significantly lower than the initial score. In addition, 
scores for spermatozoa suspended in BSA were lower (P < .05) 
than scores for spermatozoa in Tyrode's solution. Since 
fluorescence scores of spermatozoa exposed to Tyrode's 
solution were not significantly lower than those of 
spermatozoa in the top semen layer of the isolation columns, 
the decrease in fluorescence was apparently due to a 
physical removal of excess T-HC1 rather than any physio­
logical reaction with the surface of spermatozoa. Ericsson 
and Baker (1967) reported that incubation of T-HC1 labelled 
bovine spermatozoa in Tyrode's solution did not remove 
T-HC1. However, isolation of spermatozoa in BSA or dilu­
tion with BSA possibly results in a physiological change 
or reaction, on the sperm cell surface that effectively 
removes T-HC1 from spermatozoa.
As shown in table 6, the percentage of spermatozoa 
with intact acrosomes following BSA isolation and incuba­
tion in BSA or Tyrode's solution were similar. However, 
the percentage of spermatozoa with intact acrosomes in the 
lower BSA fraction of the isolation columns was lower 
(P < .05) compared with corresponding values for 50 and 
200 x 10^ spermatozoa in BSA, but was not different from 
100 x 10^ spermatozoa in BSA. Also, the percentage of 
spermatozoa with intact acrosomes in the lower BSA fraction 
of isolation columns was significantly lower than values
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TABLE 6. EFFECT OF BSA ISOLATION, BSA AND 







Upper BSA fraction 
Lower BSA fraction
BSA suspension
50 x 10® spermatozoa 
100 x 10® spermatozoa 
200 x 10® spermatozoa
Tyrode's suspension 
50 x 10® spermatozoa 
100 x 10® spermatozoa 
200 x 10® spermatozoa
94 . 5 2.4b,C
94 .5 ± 1.7b 'c
94 . 3 ± 2 .lb 'c
93 .8 ± 2. lc
94 .7 + 1 .8b
94.5 + 1 .4b 'c
94 . 7 + 1. 7b
95.0 + 1. 8b
95.1 + 2. 4b
95.0 + 2.5
aMean ± SE .
' Means with the same letter are not significantly 
different.
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recorded for all concentrations of spermatozoa suspended 
in Tyrode's solution. Neither BSA isolation nor suspending 
spermatozoa in BSA had a consistent effect on the percentage 
of spermatozoa with intact acrosomes. Since Lui et al. 
(1977) reported that the acrosome reaction inducing 
effectiveness of albumin is dependent upon concentration 
and purity# it is possible that 3% BSA utilized in the 
present experiment was not capable of inducing any change 
in acrosomal integrity, and that observed differences in 
percentage of intact acrosomes were the result of random 
variability.
Experiment 3. Fertility of Stallion Spermatozoa Isolated 
in BSA
In the third experiment, 30 Quarter Horse mares were 
artificially inseminated to compare fertility of sperma­
tozoa isolated in BSA with raw semen diluted with either 
BSA or Tyrode's solution. Chi-square analysis of the data 
revealed no significant difference between the pregnancy 
rate for mares inseminated with isolated spermatozoa 
compared with control groups inseminated with the same 
number of live spermatozoa (table 7). Seven of the 10 
mares bred with isolated spermatozoa were pregnant after 
two estrous cycles, while eight of 10 mares became pregnant 
in each of the control groups. Pregnancy rates in the 
present experiment are comparable to those reported by
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TABLE 7. PREGNANCY AND FOALING RATE OF MARES 




No. mares/group 10 10 10
bTotal no. pregnant 7 8 8
% 70 80 80
Total no. foaling 7 6 4
% 70 60 40
Males/females 6/1 2/4 3/1
a 6All mares inseminated with 100 x 10 live spermatozoa.
bBased on rectal palpation at 45 days post-ovulation.
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Hutton and Meacham (1968) for Quarter Horse and Thorough­
bred mares.
Although there was no significant difference between 
the pregnancy rates for mares inseminated with isolated 
or control spermatozoa, a greater percentage (70%) of mares 
inseminated with isolated spermatozoa foaled compared with 
mares (60 and 40%) inseminated with spermatozoa diluted 
with BSA and Tyrode*s solution, respectively. These per­
centages are similar to foaling rates of Quarter Horse and 
Thoroughbred mares reported in the literature (Hutton and 
Meacham, 1968; Voss et aJL., 1975).
Sex of the foals produced in this experiment are also 
presented in table 7. Six of the seven foals produced by 
insemination of mares with isolated spermatozoa were males, 
whereas, two of six and three of four foals produced by 
insemination of mares with spermatozoa diluted with BSA and 
Tyrode's solution, respectively, were males.
General Discussion
A population of highly motile stallion spermatozoa 
was isolated in columns of BSA. Modifications of the 
original procedure of Ericsson et al. (1973) were necessary 
since preliminary observations showed that BSA concentra­
tions greater than 3% severely impaired the movement of 
equine spermatozoa. It was also noted that the time 
interval of 1 hr used in experiments with human and bovine
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spermatozoa was excessively long and appeared to result in 
exhaustion of stallion spermatozoa. Increases in motility 
of stallion spermatozoa as a result of the separation pro­
cedure are similar to those reported for human (Ericsson 
et al. , 1973; Glaub et a_l. , 1976; Glass and Ericsson,
1978) and bovine spermatozoa (Faust et a_l., 1976, Illyes 
et al., 1977). However, studies with human and bovine 
spermatozoa utilized higher concentrations of BSA (6 to 
25%) than were utilized in the present study. Also, 
studies with human and bovine spermatozoa were conducted 
at room temperature, while results of the present study 
suggest that greater increases in percent motile sperma­
tozoa are produced by placing the isolation columns in a 
warm water bath (36C).
Glaub £t a_l. (1976) and Dmowski et: a^. (1979a, b) ob­
served that human spermatozoa recovered from the lower BSA 
fraction of isolation columns exhibited a significantly 
higher motility score than parent semen samples. Preliminary 
work with bovine spermatozoa suggests a similar response 
of spermatozoa of this specie (Faust et a_l., 1976; Illyes 
et al., 1977). Observations with human and bovine sperma­
tozoa, as well as the accelerated progressive motility rate 
of stallion spermatozoa from the lower BSA fraction in the 
present study suggest an effect of the isolation procedure 
beyond a simple physical separation of motile spermatozoa. 
The possibility exists that exposure of spermatozoa to the
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isolation medium results in a physiological change which has 
a stimulating effect on progressive motility rate. In 
support of this hypothesis, Yanagimachi (1970b) reported 
that hamster epididymal spermatozoa capacitated in vitro 
in gamma-globulin free human serum were characterized by a 
sharp increase in rate of motility compared with uncapacita­
ted spermatozoa. Additional studies (Lutwak-Mann, 1954; 
Caravaglios and Cilotti, 1957) indicate that blood serum 
and follicular fluid are similar and that the fraction in
mammalian follicular fluid which has the capability of
inducing the acrosome reaction in hamster and rabbit 
spermatozoa is serum albumin (Lui et a_l. , 1977; Oliphant 
et al ., 1977) . Tn vitro capacitation of spermatozoa from 
the hamster (Barros and Garavagno, 1970; Yanagimachi, 1970a; 
Bavister, 1973), mouse (Miyamoto and Chang, 1973), guinea 
pig (Yanagimachi and Usui, 1974) and rat (Toyoda and
Chang, 1974); Davis, 1976) is apparently achieved when
serum albumin is included in the culture media; also, 
follicular fluid has been utilized to induce .in vitro 
capacitation of hamster (Barros and Austin, 1967; 
Yanagimachi, 1969a, b), mouse (Iwamatsu and Chang, 1969) 
and bovine spermatozoa Breuer and Wells, 1977). Therefore, 
a possible explanation for the accelerated progressive 
motility rate of stallion spermatozoa isolated in the lower 
BSA fraction is the initiation of capacitation. Ericsson 
(1967a, b) concluded that T-HC1 was bound to a substance
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which coats mammalian spermatozoa and is removed with this 
substance as spermatozoa undergo capacitation. Since 
capacitation in the rabbit requires 10 to 11 hr in the 
Fallopian tube or estrous uterus of rabbit does and T-HC1 
was lost from spermatozoa in these sites within 2 hr,
Vaidya et al. <1969) concluded that removal of T-HCl from 
spermatozoa was not a visible concomitant of functional 
capacitation. It was further noted that the time when 
T-HCl was removed may correspond to the time of initiation 
of capacitation.
Since centrifugation reduces the viability of stallion 
spermatozoa, modifications of the technique of Ericsson 
(1967a, b) were necessary in the present study. Excess 
T-HCl and seminal plasma were not separated from labelled 
spermatozoa. However, BSA isolation effectively removed 
T-HCl from spermatozoa and fluorescent scores for sperma­
tozoa suspended in BSA were significantly lower than the 
initial score and the fluorescent score for spermatozoa 
in the top semen layer of the isolation columns. These 
results suggest that BSA may alter the bonding of T-HCl to 
the sperm cell surface. Byrd et al̂ . (1979) reported that 
the mean time interval for removal of T-HCl from bovine 
spermatozoa decreased with increasing LSA concentrations. 
Since findings of previous workers as well as results of 
the present study suggest that T-HCl removal involves a 
reaction other than simple physical "washing off", this
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reaction may constitute the initiation of capacitation of 
equine spermatozoa.
Acrosomal integrity of spermatozoa has been utilized 
by some researchers as an indicator of capacitation. 
Although Bedford (1963) reported that there was no 
morphological alteration of rabbit spermatozoa during 
capacitation# Austin and Bishop (1958) and Yanagimachi and 
Noda (1970) observed that capacitation of hamster sperma­
tozoa involves both acrosomal and postnuclear cap surface 
changes. In the present experiment, the percentage of 
spermatozoa with intact acrosomes was similar for all 
treatments thus indicating that neither BSA isolation nor 
dilution in BSA affect the acrosomal integrity of stallion 
spermatozoa. However, since Miyamoto and Chang (197 3) 
reported that mouse spermatozoa required 2 hr to undergo 
in vitro capacitation in medium containing serum albumin, 
it is possible that the 30 min isolation period in the 
present experiment may have been too short to affect the 
acrosomal integrity of stallion spermatozoa.
In the third experiment, fertility of isolated sperma­
tozoa were compared with spermatozoa diluted with BSA or 
Tyrode's solution. Numerous studies (Pickett and Voss, 
1972; Pickett and Voss, 1975; Demick et̂  al..* 1976) have 
shown that pregnancy rates for mares inseminated with 
500 x 106 or 100 x 106 live spermatozoa are similar. 
Furthermore, Pace and Sullivan (1975) reported that
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foaling rates were improved (P < .05) by increasing the 
number of motile spermatozoa insemination from 40 x 10^ to 
80 x 106, but was not further improved by increasing the 
number to 160 x 106 motile spermatozoa. More recently,
Allen et a_l. (1976) recommended that a minimum of 100 x 10^ 
live spermatozoa be used for Al in the mare. In view of 
these findings, the suggested minimum number of live 
spermatozoa were used in the present experiment in an 
attempt to increase the chances of detecting any possible 
differences in fertility between isolated and control 
spermatozoa. Although results of this study revealed no 
advantage in fertility in favor of isolated spermatozoa, 
the higher foaling rate of mares inseminated with isolated 
spermatozoa compared with control spermatozoa is encouraging. 
Since the health and vigor of these foals was not different 
from foals produced by control inseminations, there does 
not seem to be any detrimental effects associated with 
spermatozoa isolated in BSA. Also, the number of male 
foals produced by mares inseminated with isolated sperma­
tozoa suggests a possible alteration of the sex ratio. 
However, since a relatively small number of mares was in­
seminated in this experiment, it would be premature to 
draw any conclusions regarding the semen sexing capabilities 
of the isolation procedure.
Results of this study confirm that a population of 
highly motile spermatozoa, free of debris and abnormal
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spermatozoa, can be isolated from stallion semen. Sperma­
tozoa isolated in BSA or diluted with BSA are characterized 
by a marked increase in progressive rate, possibly due to 
the initiation of sperm cell capacitation. Since daily 
heat checking and palpation of the ovaries permits in­
semination at a time which coincides with ovulation, in­
semination of mares with capacitated spermatozoa could 
possibly improve conception rates. Fertility may also be 
enhanced by insemination of mares with a population of 
highly motile morphologically normal spermatozoa. Of 
secondary importance, these results as well as those in the 
human suggest the possibility of altering sex ratios.
Additional studies are warranted to further evaluate 
the fertility of isolated spermatozoa, the possibility of 
sex control in horses and to determine the feasibility of 
utilizing BSA as a diluent for extending stallion semen. 
Also, further studies are suggested to determine if BSA 




In an initial experiment, semen from three mature 
stallions was used in an attempt to isolate a population 
of highly motile spermatozoa. An ejaculate of semen was 
collected from each stallion with an artificial vagina at 
7-day intervals for 35 days. Following collection, semen 
was evaluated for percent motile spermatozoa and rate of 
progressive motility (scale 1 to 4). Two ml of semen were 
layered over 6 ml of 3% bovine serum albumin (BSA) in 13 x 
125 mm columns at room temperature (RMT) or in a warm water 
bath (WB). Immediately after collection the mean value 
for percent motile spermatozoa was 41.7. Following a 30 
min isolation period, the top layer and upper and lower 
halves of the BSA fraction were separately withdrawn from 
columns and reevaluated. In both the RMT and WB isolation 
columns, percent motile spermatozoa decreased in the top 
semen fraction when compared with the initial estimate. 
Percent motile spermatozoa in the lower BSA fraction in­
creased (P < .01) to 58.7 and 6 5.7 in the RMT and WB 
columns, respectively. Also, there was a 27.1% increase 
(P < .01) in motile spermatozoa in the upper BSA fraction 
for the WB treatment.
Rate of progressive motility showed significant 
changes following isolation of spermatozoa in BSA. Al­
though there was no change in progressive rate of
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spermatozoa from the upper BSA fraction of the RMT columns, 
progressive rate of spermatozoa from the lower BSA fraction 
increased (P < .05) to 3.3. Also, progressive motility 
rate of spermatozoa from the upper and lower BSA fractions 
of the WB columns increased (P < .01) to 3.5 and 3.7, 
respectively.
In a second experiment, a total of 40 ejaculates 
from four mature stallions was utilized to determine the 
effects of BSA isolation on removal of a supravital stain, 
Tetracycline hydrochloride (T-HCl), and on the acrosomal 
integrity of spermatozoa. Based on a scale 0 to 4, the 
initial fluorescent score of spermatozoa labelled with T-HCl 
was 3.9. Following BSA isolation, the fluorescent scores 
of spermatozoa in the top semen layer and upper and lower 
halves of the BSA fractions decreased (P < .05) to 3.0,
0.9 and 0.7, respectively. Also, there was a significant 
decrease in fluorescence of spermatozoa (50, 100 and 200 x 
106) spermatozoa suspended in 3% BSA compared with the 
initial value. Fluorescence of 50 and 100 x 10^ sperma­
tozoa was similar; however, fluorescent scores of 50 and 
100 x 106 spermatozoa were significantly lower than 
scores for 200 x 10^ spermatozoa. These results indicate 
the migration of spermatozoa through BSA effectively 
removes T-HCl and that concentration of spermatozoa may 
influence the removal of this supravital stain. Although 
fluorescent scores for spermatozoa suspended in Tyrode's
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solution were lower than initial values, Tyrode's sperma­
tozoa had a higher fluorescent score than spermatozoa 
suspended in BSA; thus indicating an effect of BSA beyond 
a simple physical removal by suspension in a medium.
The percentage of intact acrosomes of spermatozoa 
was similar for all treatments. However, spermatozoa in 
the lower fractions of BSA isolation had fewer (P < .05) 
intact acrosomes than spermatozoa in BSA (50 and 200 x 10®) 
in Tyrode’s solution. Since the percentage of intact 
acrosomes in the lower BSA fraction was not different 
from values recorded for the top semen layer, upper BSAgfraction, 100 x 10 spermatozoa in BSA, and the initial 
values, it appears that differences in the percentage of 
intact acrosomes in the present experiment were due to 
random variability and cannot be logically explained from 
these data.
In a third experiment, 30 Quarter Horse mares were 
inseminated to compare the fertility of spermatozoa 
isolated in BSA with raw semen diluted with each of the 
constituents of the isolation medium, i.e., BSA and 
Tyrode's solution. There was no significant difference 
between the pregnancy rates for 10 mares inseminated with 
100 x 10® live spermatozoa isolated in BSA and that of 
control mares inseminated with the same number of live 
spermatozoa. Although, results of this study revealed no 
advantage in fertility in favor of isolated spermatozoa, a
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higher foaling rate was recorded for mares inseminated with 
isolated spermatozoa. Also, six of seven foals produced 
by insemination of mares isolated spermatozoa were males, 
whereas, two of six and three of four foals produced by 
insemination of mares with spermatozoa diluted with BSA and 
Tyrode's solution, respectively, were males.
CHAPTER VI 
CONCLUSIONS
The results of the present study warrant the following 
conclusions:
1. Layering of stallion spermatozoa over columns of 
BSA results in the isolation of a population of 
spermatozoa which has a higher percentage of 
motile spermatozoa and a faster progressive rate 
than the parent semen sample.
2. Removal of tetracycline hydrochloride during 
isolation in BSA suggests an action of the isola­
tion medium beyond the simple physical "washing 
off" of this supravital stain, possibly the 
initiation of capacitation.
3. The integrity of sperm cell acrosomes is not 
affected by isolation of spermatozoa in BSA or by 
dilution of spermatozoa in BSA.
4. Reproductive efficiency of mares is not affected 
by insemination of isolated spermatozoa; however, 
mares inseminated with isolated spermatozoa had a 
higher foaling rate than control mares.
5. More males were produced by mares inseminated with 
isolated spermatozoa; however, the small number of 
mares inseminated in the present experiment 
restricts any further conclusion regarding the use
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of isolated spermatozoa to control the sex of 
foals.
a p p e n d i x
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APPENDIX TABLE 1. ANALYSIS OF VARIANCE 
FOR EFFECT OF BSA ISOLATION ON PERCENT MOTILE 
SPERMATOZOA IN EXPERIMENT 1
Source df Mean square
Horse 2 4200.18
Week 4 178.98
Horse x week 8 456.90
Treatment 2 15261.29a
Position 2 5325.74a




APPENDIX TABLE 2. ANALYSIS OF VARIANCE 
FOR EFFECT OF BSA ISOLATION ON PROGRESSIVE MOTILITY 
RATE OF SPERMATOZOA IN EXPERIMENT 1
Source df Mean square
Horse 2 756.30
Week 4 34 . 44
Horse x week 8 93.33
Treatment 2 3027.41a
Position 2 678.52a




APPENDIX TABLE 3. ANALYSIS OF VARIANCE FOR EFFECT 
OF BSA ISOLATION, BSA AND TYRODE'S SOLUTION ON PERCENT 
MOTILE SPERMATOZOA IN EXPERIMENT 2
Source df Mean square




APPENDIX TABLE 4 
OF BSA ISOLATION, BSA 
MOTILITY RATE
. ANALYSIS OF 
AND TYRODE’S 1 
OF SPERMATOZOA
VARIANCE FOR EFFECT 
SOLUTION ON PROGRESSIVE 
IN EXPERIMENT 2
Source df Mean square
Ejaculate 39 178.78a
Combination 9 794.78a
Error 351 13 .82
ap < .01.
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APPENDIX TABLE 5. ANALYSIS OF VARIANCE FOR 
EFFECT OF BSA ISOLATION, BSA AND TYRODE'S SOLUTION 
ON FLUORESCENCE OF SPERMATOZOA IN EXPERIMENT 2





APPENDIX TABLE 6. ANALYSIS OF VARIANCE FOR 
EFFECT OF BSA ISOLATION, BSA AND TYRODE'S SOLUTION 
ON PERCENTAGE OF SPERMATOZOA WITH INTACT 
ACROSOMES IN EXPERIMENT 2
Source df Mean square
Ejaculate 39 16.12b
Combination 9 6 .13a
Error 351 2.90
aP < .05. 
bP < .01.
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